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Abstract: The emergence of the Internet of Things (IoT) as the new paradigm of Information and 
Communication Technology (ICT) and rapid changes in technology and urban needs urge cities 
around the world towards formulating smart city policies. Nevertheless, policy makers, city planners, 
and practitioners appear to have quite different expectations from what smart cities can offer them. 
This has led to the emergence of different types of smart cities and pathways of development. 
This paper aims to answer the research question: When comparing a selection of smart city projects, 
can we classify pathways for their implementation? We do this by using a cross-case research design 
of four cities to explore commonalities and differences in development patterns. An input-output 
(IO) model of smart city development is used to retrieve which design variables are at play and lead 
to which output. The four cases pertain to the following smart city projects: Smart Dubai, Masdar 
City, Barcelona Smart City, and Amsterdam Smart City. Our analysis shows that Amsterdam is based 
on a business-driven approach that puts innovation at its core; for Masdar, technological optimism is 
the main essence of the pathway; social inclusion is the focus of Barcelona Smart City; and visionary 
ambitious leadership is the main driver for Smart Dubai. Based on these insights, a classification 
for smart city development pathways is established. The results of the present study are useful to 
academic researchers, smart city practitioners, and policy makers. 


Keywords: smart city; input-output model; design variables; comparative analysis; smart governance; 
digitization; Smart Dubai; Masdar City; Barcelona Smart City; Amsterdam Smart City 


1. Introduction 


Studies on the concept of the ‘smart city’ have become an essential aspect of urban and 
environmental studies [1-4]. Whilst some believe that this is likely to be transient in terms of branding 
as a result of evolution [5], there is no unique definition for the smart city yet [3]. This might be related 
to ‘smart’ having a strong connotation to (technological, organizational, and social) innovation [4,6,7]. 

Looking at cities that profile themselves as smart, one can conclude that not only do they contribute 
a variety of meanings to the smart city but also that they deploy vastly different approaches to becoming 
a smart city [7-13]. For instance, the comparative studies of Amsterdam, Ningbo, and Hamburg by 
Raven et al. (2019), and Glasgow, Bristol, Barcelona, and Bilbao by Calzada (2017) demonstrate how 
these smart cities vary in their institutional arrangements [14,15]. 

The present paper taps into these findings and seeks to systematically explore what different 
approaches are used to establish smart cities and reveals commonalities and differences in the patterns 
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of coming into existence and the principles for design and governance that are used. Looking at the 
recent dominant approach from a perspective of social innovation [7,16], we consider this necessary 
given the complexity of smart city planning and development. Meijer et al. (2018) even call smart city 
development a socio-technological system innovation process [4]. 

To reach the ambition level formulated above, we use a systematic, conceptual Input-Output 
model (IO model) [1] to shed light on different facets of smart city development, classifying them into 
the inputs, throughputs, and outputs. The main idea addressed in the present paper is to test key 
propositions from the IO model, in general, and more specifically, to systematically convey the design 
choices city planners and policy makers make in developing smart cities. In fact, the IO model does 
not propose a prescriptive procedure but rather the ideal type of a smart city development process 
as a framework for thinking about, making sense of, and finding ways to improve aspects in the 
implementation of smart city policies that are perceived as problematic. 

In this paper, four smart city planning and development projects will be systematically studied 
and compared, i.e., Amsterdam, Barcelona, Dubai, and Masdar. Thus far, multiple studies have 
addressed these cases (also comparative studies), e.g., [10,14,15,17-33], but none of them focuses on 
design choices made, or reveals and classifies developmental pathways. The smart city planning and 
development projects we seek to analyse pertain to two different geographical regions in the world 
(Europe and the Middle East), where we expect that different institutions and different attitudes exist, 
each of them influencing the style of policy making and smart city planning. Other relevant factors 
pertain to differences in cultural background and political system [34]. 

Consequently, we seek to compare these smart city cases on the basis of the goals, policies, 
procedures, and resources used in their smart city development process. A comparison across cities 
seen from this angle has not been made yet in other studies. Whereas several studies were conducted 
to compare smart city practices (i.e., [14,25,26,35]), the innovation in this contribution is the focus on 
design choices made, and revealing and classifying developmental pathways. Therefore, the main 
research question in the present paper is: When comparing selected smart city projects, how can 
pathways for their implementation be classified? 

The paper is structured as follows. The next section introduces a conceptual model in which 
smart city development is presented as an IO model, with key design variables of the smart city 
classified under inputs, throughputs, and output variables. Section 3 specifies the research design 
and methodology. Section 4 presents the four smart city cases. Section 5 provides the results of the 
comparative analysis of the four cases. Section 6 then discusses the results and presents a classification 
of smart city development pathways. Finally, in Section 7, the conclusions and recommendations for 
future research and policy makers are presented. 


2. Research Background 


2.1. Design Choices for the Resources of Smart City Development 


An overview of different rankings for the smart cities around the world [36-39] that considers 
different criteria provides evidence for the existence of different approaches to smart city development. 
Whereas smart city development policy can be considered as a dominant approach in urban policy 
formulation, the challenging part of this dominant approach is in design and implementation. 
This section first introduces an IO model that pertains to resources, throughputs, and outcomes of a 
smart city development process [1] and then expands it to a framework for smart city design variables. 
In general, a conceptual model is a simplified external representation of a complex phenomenon that 
facilitates analysts in their understanding of it. Figure 1 provides a schematic overview of the IO 
model for smart city development that was constructed based on systems theory. General System 
Theory is aimed at developing a language in which the problems of many disciplines can be expressed 
and shared [40]. In this sense, system theory can be applied to many different fields and in many 
ways. Checkland and Haynes (1994) classified these varieties. Based on their classification we use 
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systems theory for ‘problem solving in a real-world situation’. This problem-solving category used as 
decision-making support is divided into ‘hard’ systems and ‘soft’ systems sub-varieties. Since our goal 
is to model a human activity system (smart city development process), it can be located within the 
realm of the (largely qualitative) soft systems approach. One could also claim that David Easton’s 
famous portrayal of political systems (1957) was conceptual IO modeling ante datum [41]. 
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Figure 1. Input-Output (IO) model of the smart city development process [1]. 


The IO model for smart city development characterizes inputs (resources), throughputs, outputs 
(applications), and outcomes (externalities) of the smart city development process. The ‘resources’ 
pertain to human resources, knowledge and creativity, Information and Communication Technology 
(ICT) infrastructure, and financial assets. Throughputs are classified as the ‘dynamic throughput’, 
and the ‘governance and leadership ability’ to add value to the resources and turn them into the 
intended outputs [1]. The ‘applications’ associate with the outputs, whilst the ‘externalities’ refer to 
the outcomes coming as the intended consequences of the smartness that are the different domains of 
sustainability. There are still other IO models in existence for the analysis of smart cities, as, for instance, 
the one developed by Yigitcanlar (2018). His model stresses the interconnection between ‘assets’ as 
the inputs or resources of a city, ‘drivers’ as processes or opportunities for the smart city formation, 
and ‘outcomes’ as the results that transform a city into a smart city [2]. The special feature of our IO 
model is that it sheds light on those facets of the smart city development process where intervention 
becomes possible through design variables. 

In optimization theory, design variables are defined as the entities that can change the shape or 
properties of the model within a specified set of choices [42,43]. An overview of relevant indicators for 
the design variables as they can be found in academic and grey literature was conducted. In order to 
specify the smart city design choices, first the determinant variables of each of these key facets need to 
be identified and defined. For human facet as design choices, Nam and Pardo (2011) highlight social 
learning, creativity, and education (which simply means becoming knowledgeable). Social learning 
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concerns creativity for smart solutions and education to develop IT skills and knowledge-based human 
resources [44—46]. 

Another source of knowledge is data flows and information sharing [47,48]. Data assets are 
becoming increasingly important because of the emergence of the Internet of Things (IoT) [45]. 
The primary goal of the IoT is to connect to the ‘things’ to aggregate data [49], then to process 
data, and finally to analyse the aggregated data and provide services, applications, and information 
(for decision-making). The real-time analysis of city life can be used to model it, to predict and simulate 
urban processes, and/or to monitor, regulate and manage cities [50] for better delivery of utility services 
to citizens [50-52]. 

For a high-tech driven urban development, financial requirements have a pivotal role in 
determining roadmaps. Collaboration between the public and private sectors for investment in 
smart urban development projects is always supported as a desirable fiscal mechanism [53]. In practice, 
this collaboration is complicated due to different interests and attitudes stakeholders have vis-a-vis 
return on investment. Whereas private sector actors invest in urban commercial projects with a 
decent fiscal return, public sector actors focus on social improvements such as happiness, prosperity, 
and safety [54]. Public sector funding can be allocated by different governmental bodies, located 
in different levels of government, for instance, via municipal outlay, via national investment or 
supra-national budgets such as European (EU) funding (e.g., via EU framework programs like Horizon 
2020, FP7, or Interreg) [55]. 


2.2. Design Choices for the Throughputs 


Under the throughput category, three levels are discerned: leadership, governance, 
and management. 

Government roles in smart city governance pertain to ‘initiator’ [56], ‘facilitator’ [57], ‘regulator’, 
or ‘funder’ [58]. Considering how the government interacts with other actors, there are different modes 
of governing smart cities, such as technocratic governance, citizen-centric governance, socio-technical 
governance, or hierarchical governance [59]. In order to determine governance structures, there is a 
need to specify the roles of the government, the decision-making process of formulating smart city 
policies, the actors who are involved, and means for engaging actors [12,51]. 

Knowledge and innovation management as a dynamic throughput refers to the ways of adding 
value to the city by tangible and intangible sources of knowledge [60,61]. Fostering and managing 
innovation towards propelling smart cities may involve establishing innovation centers and living 
labs, and ‘champions’ available to share promising innovative ideas. 

Big data management aims to ensure the quality of data and transform data into knowledge [62] 
and to prevent the misuse of data. Issues like data theft, data ownership, data accessibility, and privacy 
issues call for proper management [63,64]. 

Meijer and Bolivar (2016) argue that a smart city requires a focus on both economic gains and 
other public values. Financial management as a dynamic throughput is about increasing public and 
private fiscal viability to provide funding for smart city projects [54]. In terms of public funding, 
as Floater et al. (2014) argue, existing funding should be redirected away from inadequate and inefficient 
urban infrastructure development. In terms of private finance, the main issue is to provide a strong 
public-private alliance for raising private funds [54]. The former needs alignment of all the urban 
infrastructure development with smart city policies, whilst the latter requires a sound understanding 
of the complexity that goes along with public-private collaboration. 

Leadership explicitly addresses the offices that lead the public administration of a smart city (e.g., 
mayor, ruler of the city, smart city office, city council, CTO (Chief Technology Officer of the city)). 
Leadership capabilities strongly depend on the leadership style of whoever is leading the smart city 
program. Switching to another type of leadership may change the shape or properties of the smart city. 
The ways leadership creates a vision, motivates and empowers people, collaborates with stakeholders 
and influences them are the indicators that determine leadership style [65]. 
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2.3. Design Choices for the Applications of Smart City Development 


The IO model presents the application domains for mobility, energy, health, governance, 
and citizens. Orlowskia and Romanowska (2019) developed an indicator to measure smart mobility. 
It contains four dimensions: (i) technical infrastructure, (ii) information infrastructure, (iii) mobility 
methods and vehicles used for this purpose, and (iv) legislation [66]. 

Walnuma et al. (2019) define ‘smart energy’ as the goal of achieving energy systems that are 
highly energy-efficient, increasingly powered by renewable and local energy sources enabled by new 
technologies, and less dependent on fossil fuels [67]. This vision of smart energy has spurred the 
development of new approaches to future sustainable energy systems such as smart grids, green 
buildings, smart meters, and solar photovoltaic panels [68,69]. 

Another domain to become smart in cities is healthcare. Here, ‘smart healthcare’ pertains to 
affordable and quality patient-centered health services enabled by healthcare technologies (e.g., ICT 
supported, smart sensors, devices, and systems) along with big data analytics [70]. 

Taking advantage of these smart applications and solutions requires citizens to share data [71]. 
From a participation perspective, it is one-way communication between citizens and the smart city. 
In need of innovation, smart cities strive to reach higher levels of citizen participation for sharing 
ideas [45]. Doody (2013) states that smart citizens need smart governance [72]. Smart governance 
then refers to the use data and ICT to produce effective, responsive, and transparent modes of 
governance [73]. Wilke (2007, p. 165) argues that smart governance needs the ‘redesigning’ of formal 
democratic governance structures. Main areas of smart governance pertain to smart administration, 
smart interaction with stakeholders, smart security and safety, and smart infrastructures [74]. 


3. Research Design and Methodology 


In this research, we used a cross-case research design to which we applied the analytical framework 
(IO model) presented in the previous section. The cross-case comparison of the specific cases was 
made in four steps. First, applying systems theory (and more specifically, the soft system variety) in 
order to tackle the research problem (implementation of smart city development policy), we used the 
Input-throughput-Output model to map the facets and relevant purposeful activities that we named 
smart city design variables. Then we applied the design variables framework (Table 1) to the different 
cases as a tool to describe their design choices in the real world. The third step was to scale their design 
choices in order to verify their common and unique choices. The next step was to analyse the design 
choice. For this purpose, we adopted the qualitative techniques of pattern matching and explanation 
building to generate descriptive analyses of the cases [2]. In this regard, pattern matching refers to 
scanning for similarities, dissimilarities, and patterns pertaining to design variables that influence 
smart city development pathways. This helped us realize our main goal, which is to classify different 
smart city pathways and generate insight regarding promising policy actions and interventions. 

Table 1 provides an overview of smart city design variables based on the IO model presented in 
Section 2 with available indicators for each of the facets mentioned. 
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Table 1. The design variables and indicators of the smart city development process. 


Smart City Attributes 


Design Variables 


Indicators (Presence of) 


HR and Entrepreneurship 


Educating and training people 
Transferring (attracting) educated and skilled people 
Nurturing the innovation environment 
Attracting innovative companies 


Supporting and strengthening universities and research centers (HR1) 
Launching knowledge transfer projects (e.g., scholarships, sabbaticals) (HR2) 
Specific policy in place to promote innovation (HR3) 
Supporting and encouraging programs for innovative companies (Science and technology parks, free zones) (HR4) 


Information and Communication 


Data aggregation 


Big data establishment (D1) 


Inputs Data processin, Data science centers (D2) 
Technology (ICT) and Dat P 8 
echnology (ICT) and Data Data real-time analysis Data visualization (D3) 
Supra-national and national investment Supra-national and national smart city development policy and budget (F1) 
Fi ial Local government investment Smart city profile and allocated budget (F2) 
EANES a yes Public-private investment Collaboration with the private sector (F3) 
Foreign investment International brand and investors 
G Governance structures; technocratic, citizen-centric, Role of the government and decision-making process (G1) 
PETEN socio-technical, hierarchical, surveillance Actors are involved and engaged (G2) 
F Open innovation Living Labs, idea-sharing champions (KI1) 
Knowled; dI t t 
TP SBS AtEm R ABEN E In-house R&D Innovation Centers, Smart City R&D department (KI2) 
Datinianagement Establishing a data authorization Data Laws (DM1) 
Throughputs 8 Open/closed/ or shared data platform Data accessibility (DM2) 
í ; Redirecting funds away-from inadequate, metficienturban Alignment of the urban master plan with smart city policies (FM1) 
Financial management infrastructure development 
Raising private funds Having a collaboration platform (FM2) 
Vision creation and the bigger image (L1) 
Leadership Leadership styles Motivating and empowering people (L2) 
Collaborating with people and influencing them (L3) 
Smart transportation infrastructures Smart (sensor and actuator equipped) roads and traffic lights, smart parking, bicycle routes (SM1) 
Smart Mobility Smart public transportation Interconnected public transportation, smart vehicles, information application (SM2) 
Smart private transportation EVs (Electric Vehicles), autonomous driving, car-sharing (SM3) 
Renewable energy Stationary energy use to be supplied from renewable energy sources (SE1) 
Smart energy Energy-efficient buildings Building regulations, energy certificates (SE2) 
New technology for utilities Smart grids, smart meters (SE3) 
Outputs Smart henii Smart health monitoring systems Remote health monitoring, mobile health monitoring, or wearable health monitoring (SH1) 


Smart health management and information applications 


Mobile applications for medication information, weight management, information regarding hospitals and clinics (SH2) 


Smart citizens 


One-way communication 
Two-way communication 
Co-creating and co-designing 


A participation platform for data sharing (SC1) 
A participation platform for idea sharing (SC2) 
A participation platform for cooperative policies (SC3) 


Smart governance 


Smart administration 
Smart interaction 
Smart security and safety 
Smart policies 


Redesigning norms based on smart solutions (technologies) (SG1) 
Participation and collaboration via social media and social networking (SG2) 
Using smart devices and data analytics for surveillance (SG3) 

Using big data analytics for decision-making (SG4) 
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3.1. Case Selection 


The present study used a small-N comparative analysis research approach. Small-N case 
comparisons, also known as ‘case-oriented comparative methods’ (Ragin, 1987, pp. 34-52), 
are systematic comparative illustrations for insight-generating and in-depth studies of cases as 
a whole [75]. 

Four cases were compared: Amsterdam Smart City, Barcelona Smart City, Smart Dubai, and Masdar 
City. All four were well-known, did well on international rankings (e.g., the Global Smart City ranking 
issued by Juniper Research in 2016; the Smart City Index issued by Ernst and Young, in 2017; the global 
Smart City Discourse Network issued by Joss et al. in 2017) [35,36,76]. These four may not necessarily 
have been known as the four ‘best practices’ globally, but they were known for having very different 
governance styles and smart city discourses, and showing various types of smart city applications in 
place, and were therefore intriguing to compare. Joss et al. (2019) presented a list of 27 cities based on 
a systematic webometric investigation of the smart city global discourse network [35]. Their study 
showed that Barcelona and Amsterdam are seen as pioneers (third and fourth place after London and 
Singapore). These two cities are located in Europe, having democratically governed cities. In contrast, 
Dubai and Masdar City are located in the Middle East and are governed by sheikhs. Masdar City in 
Abu Dhabi and Dubai are well-branded smart cities in the world [29,77]. 


3.2. Data Collection 


Data were collected between 2017 and 2019 by means of site visits and fieldwork in all four cases, 
participatory observation in smart city workshops and meetings, including the Barcelona Smart City 
World Congress 2018 and 2019 editions, and the Amsterdam Smart City Open House meetings in 2017 
and 2019. Data collection also involved in-depth interviews with 32 stakeholders who were involved 
in smart city project development. Finally, much information was collected from official documents 
and websites. 


3.3. Data Analysis and Operationalization 


The cases were compared by descriptions of the current situations and their design choices, using 
the operationalized indicators (See Table 2). In order to derive a classification of smart city development 
pathways, we used a multi-method approach to identify patterns in the data that would provide more 
insight into the pathways, enable us to discern between them, and develop a classification. First, we 
analysed the case narratives for the four different cases and reflected on key events occurring that 
spurred smart policy development and implementation. Because this was a complex task with rich 
data available for each case, we decided to treat these mostly qualitative data in a way to make them 
apt for structured analysis. Toward that end, (qualitative) scores were assigned for each case using a 
four-point scale ranging from ‘0’ for absence, ‘+’ for having a plan without implementation, and ‘++’ 
for a plan that has begun, to ‘+++’ for implementation completed because ordinal scales were used. 
For the throughput indicators, which used a nominal scale, we tried to label the design choices and then 
compare them. In addition, the cases were compared through the interpretation of the commonalities, 
differences, and the patterns these revealed. 


Table 2. The input and output indicators. 


Indicators Absence (0) Plan Without Implementation (+) Plan Has Begun (++) Implementation Completed (+++) 
HR1 


HR2 
HR3 


Ete. 


Sustainability 2020, 12, 4030 8 of 24 


This led us to measure the data and to create a data matrix that included these data for each city 
measured against all indicators as presented in Table 1. We used this table to analyse development 
more structurally, using two approaches. First, we conducted an explorative statistical analysis 
focusing on bivariate correlations, focusing foremost on assumed relations between input and output 
indicators (See Supplementary Material). This would inform us about potential covariation but 
would offer too little evidence to confirm any causal relationship. This led us to seek confirmation 
using the rich qualitative data of the four cases, break them down into items pertaining to input, 
throughput, and output of the cases, fill them out with qualitative information, and interpret and attach 
meaning to how the development pathways played out for each of the four cases (See Supplementary 
Material). This also included a comparison of commonalities and differences between the four cases. 
Based on triangulation between the three types of data analysis used—i.e., (i) interpretation of the 
four case narratives, (ii) statistical analysis, and (iii) qualitative comparative analysis of the qualitative 
comparative data matrix—we conceived development pathways for smart city project implementation 
of the four cases and created insights on key commonalities and differences between them. Having 
more information available on case study storylines, narratives, and information on input, throughput, 
and output, we were able to interpret and further understand the case studies at a higher level of 
abstraction, which made it possible to discern key values used by policy makers that support key 
decisions and the ways they play out in the development pathways used in the four cases. Finally, 
following the next step of interpretation of the four cases, we discerned fundamental values as drivers 
and classification of development pathways to emerge from the data. 


4. A Brief Description of the Cases 


We now present the four cases and show how each of them can be understood in terms of the 
concepts of the IO model. The origin of the smart city concept in the four cases is also explored. 


4.1. Masdar City 


In 2006, the Masdar City project was launched in order to develop the world’s most sustainable 
eco-city with the vision of making Abu Dhabi a reference for knowledge and collaboration on 
the advancement of renewable energy, clean technologies, and sustainable development [21,29,78]. 
The mission of the project was not only to address the sustainability challenges of the United Arab 
Emirates (UAE) but also to develop commercially viable solutions in renewable energy and sustainable 
real estate. However, after more than ten years, the number of residents is around 1300 [79], whilst it 
was initially planned to house 40,000 permanent residents with an additional 50,000 commuting to 
work and study in Masdar City [77]. With the emergence of smart cities as a trendy competitive urban 
policy, it was transformed from an eco-centered project into a smart city project. The smart city project 
was then based on four pillars: (i) research and academics; (ii) sustainable real estate; (iii) clean energy 
deployment; and (iv) clean-tech innovation. Since Masdar City entails the construction of an entirely 
new city, it can be seen as a living lab for developing and testing new technologies to evaluate how 
they can integrate into the unified platform for developing a smart city [80]. 


4.2. Amsterdam Smart City 


Two years later, in Amsterdam, the Amsterdam Smart City program set out with the primary goal 
of reducing CO, emissions [59]. The program was started with the focus on smart energy and smart 
grids by the City of Amsterdam and Alliander through a three-year project funded by the EU [31]. 
When the project was finalized a discussion started on how the program could continue and stand 
on its own feet. This was followed by the Amsterdam Economic Board, which decided to take over 
the program as the coordinator and to govern and fund it, using a collaborative platform. The first 
driver for moving toward implementing a smart city policy was based on the results of climate change 
discussions [31]. More recently, the scope of the smart city was broadened to include areas that can 
improve the quality of life of citizens [30,81]. Amsterdam also developed a circular economy and 


Sustainability 2020, 12, 4030 9 of 24 


sustainable structural vision that sketches an image of Amsterdam as a future-proof, innovative, data 
(evidence) driven, and collaborative city by 2040. 


4.3. Barcelona Digital (Smart) City 


In 2011, Barcelona also launched a smart city policy of its own aligned with the European 
Union’s strategy to create a more sustainable, smart, and inclusive path for development. Following 
that, a national plan for smart cities was launched in Spain called the ‘Digital Agenda for Spain’, 
which allocated EUR 170 million for actions related to city objectives, 5G technology, interoperable 
virtual labs, smart tourism, public services platforms, and rural territory. Currently, Barcelona’s 
approach to becoming a smart city derives from the digital city. Its profile pertains to ‘Barcelona 
Digital City: the right to the (smart) city’. The Mayor of Barcelona Colau (2018) states, ‘Our goal is 
to exploit digitization and achieve a city that is more open, fair, circular and democratic by putting 
technology at the service of people’ [82]. In this sense, Barcelona’s smart city foundation is based on 
digital transformation, digital innovation, and citizen empowerment. 


4.4. Smart Dubai 


For Dubai, the smart city journey developed from the concept of smart government. In 2014, 
an executive office for the Smart Dubai program was established to expand the concept to different 
areas based on the vision of the Ruler of Dubai [1,49]. The vision was to make Dubai the happiest 
city on the earth [83]. This is pursued by using smart technology innovation as one of the main tools 
contributing to creating happiness. Next to spurring technological innovation, a cornerstone of the 
approach of the Smart Dubai strategy pertains to having all city stakeholders on board [84]. 


5. Results 
5.1. Design Input Choices 


5.1.1. Masdar 


To provide the human and entrepreneurship resource for the Masdar City development, Abu 
Dhabi’s main funding project in research and education development is allocated to the Masdar Institute 
of Science and Technology (MIST), which is located within Masdar City. MIST, in collaboration with 
the Massachusetts Institute of Technology, aims to foster energy and sustainability innovations. In 2017, 
it merged with Khalifa University. When it comes to innovation policy, Abu Dhabi follows the national 
strategy for advanced innovation (2018), which targets the establishment of an innovation platform 
and led to initiation of the ‘UAE Innovation Month’ festival. In order to attract innovative companies, 
Abu Dhabi established a policy for developing several free zones at a large scale per unit around 
Masdar and provided companies with high-profile locations inside Masdar City [34,78]. In terms of 
data and ICT infrastructure assets, the Mubadala Company made substantial investments in building 
ICT infrastructures. Mubadala, which is a regional government investment company, is responsible 
for funding and provisioning infrastructure by either its institutions or outsourcing. It also founded 
Khazna Data Centers (in Masdar City and Meydan Dubai) to deliver a combined 18+ MegaWatt (MW) 
of IT load in 2012. Therefore, Masdar City is majority-owned by the Mubadala Investment Company, 
which belongs to the Abu Dhabi Government in collaboration with the International Renewable Energy 
Agency (IRENA). The Mubadala Company announced that $20 million would be allocated to the 
Masdar project, but after spending a few million, the remaining budget was invested in other projects, 
mostly international projects. 


5.1.2. Amsterdam 


To make the potential human capital available for Amsterdam Smart City, the Smart City 
Academy and Amsterdam Institute for Advanced Metropolitan Solutions (AMS) were established 
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as the knowledge-sharing programs for smart city development, aiming to support knowledge and 
build a human infrastructure. Amsterdam has a specific policy in place to promote innovation in 
coordination with national and European policies, such as Innovation Union, Horizon 2020, and the 
Digital Agenda (Policy framework: European Strategy for Amsterdam, 2019). To support start-ups 
and emerging tech companies, Amsterdam Science Park and the startup village inside it offer an 
ecosystem for innovation. Moreover, in 2015, the City of Amsterdam initiated a public-private action 
program called ‘Startup Amsterdam’. It aims to assist startups and innovative companies so they can 
accelerate their growth sustainably [85]. Apart from the benefits of an established start-up hub, a 
talented workforce, and the spirit of innovation, Amsterdam offers skilled workers at start-ups and 
innovative companies a 30% personal income tax advantage [85]. 

Amsterdam has the second-largest Internet exchange point in the world and is considered the 
second top city in the world in terms of technology readiness [86]. As such, it benefits from modern 
technology infrastructures to make the city smarter. There is a single portal for the data in Amsterdam 
(‘City Data’) established by the City of Amsterdam in 2015. City Data uses big data collections and tries 
to share as much data as possible, which is open to anyone who wants to use the data. This includes the 
collected data from eight policy domains: traffic and infrastructure, tourism, geography, population, 
public space and green, urban development, welfare, and energy. At the time of writing this article, 
the portal was under development. In terms of making the financial resources available, Amsterdam 
Smart City initially used EU framework project funding (i.e., Horizon2020) [87]. Later on, Amsterdam 
Smart City (ASC) established a public-private partnership portal to provide a favourable platform for 
collecting co-funding from the private sector. 


5.1.3. Barcelona 


For human resource development in Barcelona Smart City, the Institute for Advanced Architecture 
of Catalonia (IAAC) is one of the main research centers in collaboration with the city council of 
Barcelona. One of its departments, the so-called ‘Fab lab’, is currently developing projects in smart 
devices for data collection among citizens in collaboration with the Smart City Expo and World 
Congress in Barcelona. Barcelona’s innovation policy is mainly based on the real open innovation 
approach [18]. It prefers to have open innovation centers for anyone to contribute rather than doing 
mere researches inside the universities. That is why the city council’s cooperation with research 
centers and universities is generally carried out through the research labs. The director of Barcelona’s 
Smart City Program stressed that the strength of Barcelona’s smart city strategy relies on its cyclic and 
cross-cutting innovation model [88]. Apart from fostering innovation in a collective collaborative way, 
the city council of Barcelona pays special attention to promoting entrepreneurship. This process is 
supported by Barcelona Activa, which is a local development agency belonging to the Barcelona City 
Council encouraging entrepreneurship and offering support to companies and startups. 

The Barcelona City Council established the municipal data office for public data sovereignty. 
Currently, it is promoting three projects: CityOS, Open Data Bcn, and Monitoring Gentrification, 
to aggregate data from the various sensors distributed throughout the city and numerous sources. 
CityOS is an advanced data analysis platform that offers comprehensive and transversal connectivity to 
serve citizens and the city. The platform is based on the main idea of using data to enable the foresight 
and the ability to predict situations in order to make better decisions and reactions. It is an open-code 
IoT platform that everybody can download and develop or modify. 

In both Amsterdam and Barcelona Smart City initiatives are linked to projects that use EU 
framework funding (i.e., Horizon 2020). Apart from that, Barcelona City Council is the responsible entity 
for the majority of funding. In terms of foreign investment, according to the Global Cities Investment 
Monitor 2019, Barcelona is the seventh most popular global destination attracting international 
investments [89]. 
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5.1.4. Dubai 


The most significant supporting programs for universities and research centers are focused on 
three districts: Dubai International Academic City (DIAC), Dubai Knowledge Village, and Dubai 
Internet City. DIAC lists middle-of-the-road colleges, schools, and universities from around the 
world [34] established by TECOM Group (a governmental entity) as a free zone dedicated to higher 
education and the pursuit of intellectual growth. Apart from Dubai’s main higher education project in 
DIAC, major training programs to develop human resources target civil servants [90]. 

However, skilled and educated workers have always been welcomed to work in Dubai, and there 
is momentum in the Emirates to increase the number of highly skilled and educated local workforces’ 
so-called ‘Emiratization’ [91]. According to the Ministry of Education’s Strategic Plan for 2017-2021, 
Dubai’s innovation policy was formulated to establish a culture of innovation in the institutional and 
working environment. To encourage start-ups and innovative companies to come, Dubai’s government 
established a significant number of high-tech free zones and science parks. In parallel, the Smart Dubai 
startup initiative was launched, having three programs in place to support emerging technologies and 
entrepreneurs. These are: (i) the Global Blockchain Challenge; (ii) the Dubai Smart City Accelerator; 
and (iii) the Dubai Future Accelerators. In terms of ICT infrastructure assets, The Network Society 
Index indicates that Dubai is 26th in performance in sustainable urban development and ICT maturity. 

For data assets as an essential resource for the smart city, Dubai Data Establishment is the 
governing body with authority to push this strategy whilst seeking to implement the roadmap for 
Dubai Data. In order to process and utilise data, ‘Dubai Pulse’ is the central platform that provides 
and computes, stores, and analyses services for the categorical use of various entities. Currently, 
Smart Dubai office serves the analytical data as a single mobile application, ‘Dubai Now’, which helps 
citizens to manage bills, track their visas, renew the trade licenses, register cars, plan journeys by public 
transportations, and monitor health. 

In both Dubai and Abu Dhabi, the smart city program is considered to be part of the National 
Happiness policy [83]. Therefore, the Smart Dubai initiative is established and funded by the ruler 
of Dubai. However, enjoying a positive global image, Dubai has ample ability to attract foreign 
investment. An overview of how the four smart cities perform against smart city resources is presented 
in Table 3, which is constructed based on the scaling method defined in the data operationalization 
section (Table 2). 


Table 3. Smart city development in Amsterdam, Barcelona, Dubai, and Masdar. 


Design Choices/Cases Amsterdam Barcelona Dubai Masdar 

Educating and training people +++ + 
Transferring (attracting) educated and skilled people +++ + 
Nurturing the innovation environment +++ + + 

Attracting innovative companies +++ +++ ++ 

Data aggregation ++ +++ pe oar 

Data processing ++ ++ 

Data real-time analysis + ++ ++ 

Supra-national and national investment +++ ++ 

Local government investment ++ +++ +++ 

Public—private investment +++ ++ ++ 
Foreign investment +++ + 


5.2. Design Throughput Choices 


5.2.1. Masdar 


The governance structure of Masdar is mainly based on a holistic approach to developing 
renewable energy and sustainability by creating a value chain from research to investment. Dubai and 
Masdar City share common governance features, such as the monarchical rule and central authority, 
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that make their decision-making process fast and flexible; the idea is initiated by the rulers, policies 
are formulated and then adopted by citizens with high levels of trust. However, Abu Dhabi, having 
abundant financial wealth because of its oil and gas resources, is much stronger than Dubai. With a 
global approach, Masdar City launched the ‘sustainability week’ as a platform for accelerating the 
world’s sustainable development. It brings together policy makers, industry specialists, technology 
pioneers, and the young generation of citizens for sharing knowledge, implementing strategies, 
and delivering solutions for the world’s sustainable development. In terms of the smart city in-house 
R&D, Masdar recently established the Honeywell Masdar Innovation Center of cutting-edge solutions 
for smart applications. 


5.2.2. Amsterdam 


Situated in a totally different political and government system from the Emirates, in the case of 
Amsterdam the ASC platform is an innovative platform for connecting ideas and challenges between 
municipalities, partners, and companies to accelerate doing/learning in order to strengthen smart 
solutions, market development, business models and replication [30,92]. In 2011, the municipality 
of Amsterdam governed ASC with more than 70 public and private partners [31]. Within the ASC 
platform, the city administration has different roles apart from being the initiator, to a facilitator and 
from financer to customer [93]. At present, the dominant approach to managing innovation within the 
smart city is to develop and test smart urban solutions in a real-life context (urban living labs) [59]. 
For ASC, the living labs are mapped in the middle of the stakeholder’s collaboration (Figure 2). 


Private actors 
Practical know-how 
& resources 


Figure 2. Overview of the stakeholders involved in the Amsterdam Smart City (ASC) living lab [94]. 


The Amsterdam Institute for Advanced Metropolitan Solutions (AMS) is responsible for ASC 
living labs working on six different themes: i.e., circularity, food, resilience, energy, mobility, and data. 
In addition, ASC uses open-house programs and open meet-ups for communicating and empowering 
citizens. Within the smart city context, knowledge and innovation management is closely connected 
to data management driving innovative solutions. For data-related decision-making, the IO model 
focuses on two crucial aspects: data laws and data accessibility. Amsterdam and Barcelona are part of 
the European Union’s DECODE project aiming to return data sovereignty to the citizens. Currently, 
four DECODE pilots are running in Amsterdam and Barcelona to test the technology and approach. 
Amsterdam City Data is openly accessible through the Internet, and data that are public can be freely 
used by anyone. However, some of the data are available for authorized city employees only. 
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5.2.3. Barcelona 


To govern Barcelona Smart City, following the formulated smart policy in 2011, Barcelona 
City Council launched the project ‘Barcelona Smart City Strategy, Planning and Implementation’ in 
collaboration with DOXA. DOXA is a consulting company that assisted and coordinated Barcelona’s 
Smart City strategy by supporting planning, execution, and monitoring actions. In 2015, the project 
outcomes pertained to the smart strategy development and implementation, the definition of a 
governance model (See Figure 3), storytelling and communication framework [88]. The main 
governmental entities of Barcelona Smart City are the City Council, the Barcelona Provincial Council, 
and Area Metropolitana de Barcelona (AMB). 
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Mayor 
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Entrepreneurs 
cone SMART PMO INTERNATIONALPMO = SMART GOVERNANCE ae 
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Universities = 
Project }} Project f Project 
leader } leader ia iil 
G Other públic sector 
: organizations/agencies 
International Events 
(Smart City Expo, 


Mobil World Congress...) 


Figure 3. The Barcelona Smart City governance model [88]. 


One of the key points of Barcelona Smart City programs at the early stage was the development of 
a community of citizens and developers, and installations for Small to Medium Enterprises’ (SMEs) 
experimentation with the Living Labs. Barcelona’s 22@ innovation district was initiated by the City 
Council in need of an urban renovation strategy for the transformation of the industrial area to the 
knowledge economy area [59]. It brings universities, research centers, start-ups, and emerging tech 
companies together to create synergies and foster innovation. The whole district operates as an urban 
lab that offers opportunities for technology companies to move to the district, run pilot programs, 
and test new technologies [95]. There is a European Union (EU) General Data Protection Regulation 
(GDPR) for European city authorities in digital ethics and rights concerning citizens’ empowerment [96]. 
Barcelona’s Digital Plan 2017-2020 is the main agenda for data policies and strategies aligned with 
GDPR [96,97]. According to Calzada (2018), the three strategic initiatives regarding data protection 
and regulation are: ‘Data Commons Barcelona’, ‘City Data Analytics Office’, and ‘Decode’ (the EU’s 
scientific) project [96]. Data Commons Barcelona offers an open-source policy toolkit regarding 
ethical digital standards ‘for cities to develop digital policies that put citizens at the center and make 
governments more open, transparent, and collaborative’ [98]. The city council of Barcelona also 
presented ‘Decidim Barcelona’, a participatory democracy (digital) platform for communicating and 
empowering citizens. Barcelona Municipal data office is currently working on the Open Data Ben 
project to develop a platform for sharing the information generated or stored by public bodies with 
individuals and organizations. 
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5.2.4. Dubai 


The Smart Dubai governance structure is based mainly on visionary leadership and a positive 
approach to developing happiness. Setting up a ‘champion’ in line with the overarching policy of 
developing the smart city is Dubai’s unique pathway to engage citizens for coordinating, strategizing, 
and implementing programs and projects. Smart Dubai points to the happiness champion as an 
essential component of Dubai’s smart city transformation where all the partners can work in close 
collaboration with the Smart Dubai Office (Smart Dubai, 2019). Dubai is also developing its first 
Artificial Intelligence (AI) Lab in partnership with IBM to support Dubai’s AI roadmap. The AI 
Lab’s first strategy is to transform citizen engagement by infusing AI into services and operations, 
and disrupting business processes [99]. In terms of the smart city in-house R&D, Dubai already 
has several innovation centers. Dubai has a set of comprehensive documents on data authorization, 
including Dubai data law, Dubai data policy, Dubai data manual, and the Dubai data model, which are 
all accessible online. 

Last but not least, as a dynamic throughput, leadership style plays an important role in the 
Emirati cases, where the initiators of the smart city programs are the rulers of Dubai and Abu Dhabi. 
In European cases, the initiators are institutions affiliated with either municipality or city council. 
So the way of motivating and empowering citizens in Dubai and Masdar is based on getting inspiration 
from the vision of leader, whilst in Amsterdam and Barcelona smart cities are based mainly on 
two-way communication. 


5.3. Applications and Externalities 


All efforts to mobilize and manage resources are to provide solutions and then transform them 
into smart applications. A common classification many studies agree on pertains to five clusters, i.e., 
those of mobility, energy, health, governance, and citizen contributions to the different aspects of 
sustainability (externalities) [6,100,101]. 


5.3.1. Masdar 


Smart transportation policies in Masdar City are based on the elimination of car use. They deploy 
cutting-edge technology solutions like the personal rapid transport (PRT) system. This pertains to a 
driverless automated transport system that can carry four passengers. Although it is mentioned on the 
official website of Masdar City that the system was implemented, in practice, it only turns around the 
building for a few minutes and it is clearly not as well-developed or functional as marketed through its 
branding media. 

Deploying clean energy worldwide is Masdar City’s core objective to make Abu Dhabi a hub for 
sustainability and renewable energy. Green building prototypes (Masdar Eco-villa), Solar PV Plant, 
and the Wind Tower are launched projects in Masdar City. 

In early 2017, Masdar City and Huawei signed an agreement to use Huawei’s IoT platform to 
develop applications for increased health, productivity, and sustainability. The ultimate goal is to 
empower Masdar City residents in making better health decisions. Citizen participation seems not to 
be at the core of the Masdar City concept; in Masdar official documents and on the website (Masdar 
corporate brochure), the words ‘citizens’, ‘residents’, and ‘people’ are mentioned only once to address 
Abu Dhabi Sustainability Week. The Abu Dhabi Sustainability Week is a knowledge platform for the 
global sustainability community and the largest sustainability gathering in the Middle East to discuss 
viable and effective strategies to mitigate climate change. 

Since automation through the cutting-edge technologies is the main facet of Masdar City, there is 
a unified service desk called ‘one-stop shop’ where people and companies can access a wide variety 
of government and business services, including registration and licensing, visa and medical checks, 
ID card processing, document authentication, and so on. It refers to the key facet of Masdar’s social 
attitude as ‘customer satisfaction’ [78]. 
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5.3.2. Amsterdam 


Amsterdam has been at the forefront of smart mobility for many years [81]. What makes ASC 
different is that smart solutions and strategies are not only based on modern technologies but also help 
to develop simple solutions that are supported by cultural capacities. Amsterdam as ‘the world capital 
of cycling’ developed smart mobility solutions through smart bicycling, along with the electric car [102] 
and car sharing in terms of private transportation [103]. ASC also provides a network platform for 
public transport, which is easily accessible to visitors and residents via smartphone applications. 

One of the crucial partners of ASC is the Chief Technology Officer (CTO), who has many initiatives 
on innovative mobility. ASC also uses the smart traffic management system to optimize the traffic flow 
and works on a project (Amsterdam Practical Trail), creating a future where cars, navigation systems, 
traffic lights, and information signs are connected and working on an automated basis. The urban 
energy transition was the starting point and primary goal of the ASC program [30]. City-Zen is an 
international consortium project on urban energy transition in Grenoble and Amsterdam to integrate 
new energy solutions in existing buildings and systems. A Virtual Power Plant (for storage and trade 
of surplus wind or solar-PV energy), Smart grid, The District Heating and Comfort Cooling network, 
Smart cooling, and Retrofitting homes are part of City-Zen project. ‘Healthcare has less attention in 
our smart program so far, we just started to have strategic partners to develop the smart healthcare 
theme,’ states Ger Baron, the chief technology officer of Amsterdam. 

The main product that the ASC team developed is an online platform for people to share their 
projects and initiatives and look for collaboration. Collaboration with citizens is a clear goal of 
Amsterdam Smart City to keep the city livable, but currently it is more focused on collaboration with 
businesses and entrepreneurs [17]. Amsterdam Smart Citizens Lab is a bottom-up way to explore smart 
solutions from citizen-driven innovations as well as to help citizens to become aware of smart lifestyles 
and ecosystems whilst it has early adopter citizens receptive to new technologies and sustainable 
solutions [93]. Considering the smart governance domain, administrative affairs in Amsterdam, 
like registration, payment lay-out, and taxes, are mostly paper-based. Amsterdam, however, is one 
of the first cities that has a Chief Technology Officer (CTO) in its governance body contributing to 
e-health, circular economy, and mobility themes of ASC. 


5.3.3. Barcelona 


Barcelona’s smart mobility policy began with raising public awareness through a research and 
innovation project (“Mobility Urban Value’) aiming to encourage behavioral change in mobility by 
using new technologies. Connected mobility, safe and smart mobility for pedestrians and cyclists, 
clean, affordable, and efficient public transport, and integrating electric vehicles (EVs) into the transport 
system are the main aspects of Barcelona smart mobility that calls itself ‘the right to smart mobility’. 

Barcelona Energia’s (the public electricity distributor) energy transition model incorporates smart 
energy with the mission of producing a 100% certified renewable energy supply plan that began 
in July 2016 and is supported by the City Council with a budget of EUR 130 million (Barcelona 
Self-sufficient Energy Plan 2014-2024). For this purpose, Barcelona adopted encouraging plans like 
subsidies for the installation of photovoltaic panels and thermal solar panels, energy renovation, and 
energy improvements. Barcelona Energia (2018) also reported that 87 solar energy installations are 
already distributed around the city and the Programme for Promoting Solar-Energy Generation has 
been established, which includes 73 projects for installing more solar energy panels on rooftops, party 
walls, facades, and pergolas [104]. 

In the same way as ASC, Barcelona seeks two-way communication and co-creation of solutions 
and policies with citizens. For that purpose, there are several so-called democratic Barcelona projects. 
One of them is ‘Decidim Barcelona’, which aims to provide a portal for participation processes. 
The ‘Smart City Week’ program is also an initiative to bring citizens closer to the notion of Barcelona 
Smart City, which is ‘a city that uses its accumulated knowledge and technologies to achieve a more 
sustainable, fair, and inclusive urban setting’ [105]. 
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As a collaborative governance platform, the ‘City Protocol’ project is another common project 
between Amsterdam and Barcelona that offers an ‘Internet of Cities’ platform to communicate, share 
solutions across diverse cities, and learn from each other. 


5.3.4. Dubai 


In Dubai, due to the Emirati preference for luxury and private transportation, smart mobility 
projects are mostly related to smart lights, smart parking, traffic control management, and increasing 
the share of electric vehicles (a smart initiative by Dubai Electricity and Water Authority) on the 
roads [24]. Since the UAE is always interested in using the title of ‘the first’, the Abu Dhabi—Dubai 
hyperloop is the world’s first commercial hyperloop set to open in 2020 for the Expo 2020 [34]. 

Shams Dubai is the main smart energy initiative by Dubai Electricity and Water Authority (DEWA), 
which is the key partner of Smart Dubai in this field. Shams is focused on expanding the solar panel 
installations on buildings to generate electricity and connect them to DEWA’s grid. The program 
was started on governmental buildings and aims to expand among household and private building 
owners [106]. The Green Building Regulations establishment is another major plan for energy efficiency 
launched by Dubai Supreme Council of Energy and DEWA for all new buildings to ensure the efficient 
use of electricity, water, and renewable energy [24]. 

In contrast to Amsterdam, Dubai pays a lot of attention to the health domain of its smart program. 
Dubai Health Authority’s (DHA) smart applications are available to use for different purposes such as 
Patient Services (for medications, appointments, and lab results), Dammi (for blood donation), Salem 
(for medical fitness and occupational health screening), and Sheryan (for health licensing). 

Smart Dubai tries to interact with citizens through different mobile applications. If the energy 
domain is the primary goal of smart city development in Amsterdam, for Dubai it began in the 
governance domain [22]. Paperless government policy is the goal for Dubai’s smart administration. 

Table 4 presents an overview of how the four smart city cases perform against smart city 
output indicators. 


Table 4. Applications of smart city development in Amsterdam, Barcelona, Dubai and Masdar. 


Design Choices/Cases Amsterdam Barcelona Dubai Masdar 
Smart transportation infrastructures +++ + 
Smart public transportation +++ $ + 
Smart private transportation +++ ++ + 
Renewable energy TE + ae 
Building energy efficiency ++ +44 afer 
New technologies for utilities + ++ + ++ 
Smart health monitoring systems + + 0 
Smart health management and information applications + + + 
One-way communication ER 4 
Two-way communication +++ ++ + + 
Co-creating and co-designing ++ + 0 
Smart administration 0 ++ oat 
Smart interaction +++ pit 444 
Smart security and safety n/a n/a n/a n/a 
Smart policies E + 


Even though one obvious case of using big data collected from the environment is for surveillance 
objectives, in principle, governments do not publish information on this issue. 


6. Towards a Classification of Smart City Development Pathways 


In Sections 4 and 5 the results from the data collection and observations revealed the design choices 
for inputs, throughputs, and outputs. This led to several important analyses associated with smart city 
development paths. The observed data for input and output indicators are shown in Tables 4 and 5. 
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Subsequently, the qualitative and quantitative analyses of the observed data of the cases, through using 
pattern matching and explanation building techniques, led us to formulate their fundamental values 
as drivers for smart city development. The results are presented in Table 5. 

Table 5. Smart city development pathways (Amsterdam, Barcelona, Dubai, and Masdar). 


Case Main Driver (Core Element) Development Path Key Features 


Innocratic (Startup and 


Amsterdam Innovation i : Competition, entrepreneurial Innovative, Bottom-up approach 
business-driven) 
: ; : eee ; D , Citi tth h technol d 
Barcelona Inclusion Sociocratic (Participation-driven) emocracy, Ci pele S icra seeded) tea 
citizens’ data sovereignty Participatory, Co-creation 
f . E . Aristocratic (State and Being first, being best, Top-d Happiness, t 
Dubai Visionary-ambitious leadership ristocratic ( State an eing first, being best, Top-down Happiness, governmen| 
service-driven) services, branding 
; us Technocratic (Investment and erence : . 
Masdar Technological optimism comocabe (Investment ani Visibility, lighthouse projects, branding 


branding-driven) 


Significant results of the statistical analysis were found between ‘nurturing of the innovation 
environment’ and certain application domains such as smart transportation infrastructure, renewable 
energies, or smart mobility. Nurturing the innovation environment was also found to relate positively to 
investment from higher tiers of government (like Barcelona and Amsterdam getting EU-funded projects). 
In addition, nurturing the environment positively related to ways of bottom-up participatory innovation 
and decision-making, i.e., ‘two-way communication’, ‘co-creation’, and ‘co-designing’. This, in turn, 
also showed a positive statistical relationship to indicators of the smart citizen domain. Other significant 
correlations were found between ‘two-way communication’ (of citizens and government) and ‘educating 
and training of staff’. The ‘data aggregation’ and ‘data processing’ design variables turned out to be 
related in particular to the application domain of smart health, but also connected with ‘smart private 
transportation’ and ‘building energy efficiency’. The analysis showed that there were remarkable 
interactions between ‘smart policies’, ‘data processing’, and ‘one-way communication’ (which points 
to sharing data from citizens). 

These results in combination with the qualitative data analysis table (See Supplementary Material), 
enabled us to identify the pathways (See Table 5). The main drivers and the key values that were 
revealed from the process analysis (of smart city development) informed us about the pathways smart 
city development has taken in the four cases of the present study. 

Looking at the origins of the smart city program in each case showed that environmental issues, 
and eventually, the idea of making a city ‘sustainable and future proof’, formed the main motivations 
to start undertaking actions that would result in smart city development plans, policies, and actions. 
However, the environmental issue alone did not suffice, as it was local leadership taking ownership of 
the latter to issue a vision and take the first steps in smart city development, goal setting, and policy. 
The visionary scenario of Amsterdam was structured around sustainability [107]. The ultimate goal 
of Amsterdam Smart City to increase the quality of life was making it a future-proof city based on a 
circular economy. This implied a city for the future, ready to respond to all kinds of disruptions and 
changes whilst remaining attractive and competitive in innovation, which is the core element of the 
process. Mora (2017) believes that the key to the success of Amsterdam Smart City is ‘strategic planning’ 
that is based on three main rules: strategic thinking, collaboration, and inclusion [31]. In Masdar 
City, improving the quality of life was interpreted as taking advantage of the technologies of the 
day to provide environmental quality and better services to citizens [29,108]. But taking advantage 
of technology with only the focus on technology sounds like technological optimism [109]. It was 
high-risk gamble for Masdar, with a lot of confidence in technology and little space for the social aspect, 
that led Cugurullo (2013, p. 35) to end his study on the case of Masdar with the statement of ‘We leave 
Masdar City hoping that Abu Dhabi’s example will not cross the desert’ [78]. For Dubai, a smart city is 
the happiest city and that guarantees the quality of life, based on the vision and ambition of the Ruler 
of Dubai. This vision sounds utopian due to the difficulty of defining happiness and the variety of 
opinions people have of it. Another challenge for Dubai is that more than 80% of its population consists 
of migrant laborers [34], for whom different criteria apply when compared with locals. Nonetheless, 
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putting a lot of effort into the smart healthcare domain by Smart Dubai can be seen as a human-centric 
approach (especially in times of the COVID-19 pandemic) that ensures a higher quality of life for its 
citizens. Barcelona Smart City is a digital (smart) city with technological sovereignty of citizens that 
puts technology at the service of people, as Calzada (2018, p. 6) states: ‘Barcelona is currently explicitly 
branding itself as an inclusive, democratic, and participative smart city’. Barcelona is a leading smart 
city in terms of digital ethics and citizen data sovereignty; however, the challenge ahead remains for 
citizens to become aware of their digital rights and duties [96]. Its experimental pathway in this regard 
can provide an answer to the question ‘is the open-data era, and citizen data ownership realistic or will 
remain as a dream?’. 

In sum, the results show that governance structures are a main determinant for successfully 
developing a smart city. It involves local government, other (higher level) governments, private 
organizations, knowledge institutes, business enterprises, and citizens, and requires integrating 
technology (as the main enabler) with creativity (for entrepreneurship) and viable business models 
(the financial-economic driver). This leads to the emergence of smart applications (smart government, 
smart citizens, smart mobility, energy and healthcare) and sustainability. In all cases, it also requires 
outside investment to start smart city initiatives and projects, not only from the private sector but also 
from higher levels of government such as the EU or national government. Once having secured a 
financial basis the first projects are set up to nurture the innovation environment and address how 
citizens can benefit or even participate in bottom-up smart city development (except for the case of 
Masdar City). After the initial projects are set up, initiatives are taken to develop platforms that are 
embedded in local policies and supported by local political and administrative leadership, sometimes 
taking novel forms like in the Amsterdam Smart City case. 

In parallel, action is taken to set up living labs and data-driven experiments in order to learn from 
e-innovations in practical, urban environments. Surrounding these labs is involvement of stakeholders 
from different sectors like industry, knowledge institutes, government, and citizens. Local and state 
governments also use them as vehicles to attract more business investment. To support these innovation 
zones, other—often low taxation—measures are implemented by public authorities. Finally, in all of 
the cases local authorities—but in particular Masdar and Dubai—strive to have lighthouse projects in 
places they can show at international events [29], like Expo Dubai 2020 or Barcelona hosting the Smart 
City World Congress 2019, or brand themselves with, in order to attract future investment and prolong 
their development paths of smart city development. 

Nonetheless, Amsterdam, Barcelona, Masdar, and Dubai still have quite different approaches to 
developing and governing a smart city. Amsterdam and Barcelona are more focused on horizontal 
co-ordination with ample room for bottom-up decision-making, using participatory platforms [59]. 
In contrast, Dubai and Masdar use more vertically oriented, respectively aristocratic and technocratic 
government approaches [13,29]. How cases play out in terms of these dimensions and in which 
category they eventually end up in the matrix determines in the end how the development pathways 
take shape and differ from the more general pathway described earlier in this section. Describing and 
analysing how they develop and can be discerned will be addressed in future research. 


7. Conclusions 


This paper examined different approaches to smart city development that reflect different ways 
in which cities are governed, and different pathways urban governments take to become smart. 
The present study aimed to further understand how urban governments formulate and use policies 
by systematically analysing and comparing four smart city projects. The main research question 
was: When comparing a selection of smart city projects, how can pathways for their implementation 
be classified? By using a comparative case study research design the present study mapped how 
different design choices of smart cities play out in their implementation and governance. The four 
cases were: Smart Dubai, Masdar City, Barcelona Smart City, and Amsterdam Smart City. We selected 
two Emirati/Arab and two EU cases (one in the North and the other in the South of Europe) to increase 
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the variation in geographic location, culture, type of city, and government, polity, public leadership 
style, and institutions. To systematically analyse the four cases the Input-Output model for smart city 
development [1] was used and elaborated, containing indicators that are indicative for design choices 
and developmental pathways that influence their development. 

The results of our study show that smart city development in Amsterdam is based on a 
business-driven approach, which puts innovation at its core; Masdar’s choices reflect technological 
optimism; social inclusion is the focus of the Barcelona Smart City pathway; and visionary-ambitious 
leadership is the main driver behind Smart Dubai. This variety makes their smart city development 
pathways different. Comparing smart city development in the four cities reveals that they also have 
commonalities. In all cases, smart city development took off in response to grand environmental 
challenges and the need to make the city future-proof. In addition, leadership is needed to adopt 
this vision and to start the process of initial policy making and planning. Next, in order to support 
capacity development, outside investment is needed, which concerns collecting a budget not only 
through private sector investment but also from higher levels of government. Once project budgets 
are secured, the first activities are embarked on to nurture the innovation environment and address 
how citizens can benefit from or even participate in bottom-up smart city development. In parallel, 
initiatives are taken to develop platforms embedded in local policies and supported by local political 
and administrative leadership. Finally, local authorities strive to develop lighthouse projects that 
allow them to brand themselves in order to attract future investment and extend their developmental 
pathways for smart city development. Although Amsterdam, Barcelona, Masdar, and Dubai were 
compared analytically one should not forget that they are located in contexts that vary a great deal. 

Limitations to the present study pertain to the case selection, which included only European and 
Arab countries, and excluded other ones, like pioneering smart cities in North America and East Asia. 
Because of this bias in the case selection, it is conceivable that potentially more pathways exist in other 
cities around the world. However, this may be taken up in future research. In addition, there is a 
concern regarding the linearity of the IO model, which will be taken up in our future research as well 
by introducing a new version of the IO model through a neural network modeling approach that will 
shed light on the interconnections between different facets of the smart city development process. 

The present study offers insights that can inform future research agendas on smart city development. 
First, we suggest that future studies on different smart city cases in other parts of the world (for 
instance, China and the United States of America) can provide further detail in the use of the smart city 
design choices framework and discover more pathways. Investigating various smart city cases with 
contextual differences—most importantly, cultural and political system variations—can reveal new 
aspects of development pathways and their relative success and failure. Moreover, we would like to 
draw the attention of future researchers to a current evolution of smart city concepts and pathways 
from the technology-driven approach towards an emerging one of ‘inclusive smart cities’. Taking 
this shift into account can provide more insight into forecasting and backcasting [110] as the next 
steps in smart city development. The analysis of design choices made in the four cases also provides 
guidance for future research on how to transfer lessons from developmental-pathway-supporting 
policies among various smart city initiatives. 

Finally, the concept and findings presented in this study for policy makers provide practical clues 
as well as policy lessons on how to develop a smart city. Most of the time, confusion and contradictions 
appear when a comprehensive team that includes urban policy makers and planners, government 
officials, economists, environmental engineers, technology companies, and sometimes even citizens 
starts working on a smart city development program. They have different expectations, which makes 
establishing a common language for smart city development a challenge. For cities that have just gotten 
started with smart city development programs, this is in fact the first challenge they face. With the 
broader question in mind of how best to govern one’s smart city development, an urban manager may 
look at a variety of examples, their practices, and outcomes. Learning from the experiences of leading 
cities is a common way to formulate and implement urban policies through drawing positive and 
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negative lessons. We expect this trend to continue in the future and hope to have contributed our share 
to improving that practice. 
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